Introduction
A great deal of effort has gone into the study of diffuse radio sources in clusters of galaxies, i.e., sources not obviously associated with a parent AGN. The growing number of these sources has led to the identification of different classes, including centrally located radio halos and mini-halos, and radio "relics" of various types (e.g. Kempner et al. 2004 ). Although cluster searches have uncovered this rich variety of phenomena, there have not been surveys done in a quantitative way, with well-defined upper limits for non-detections. In addition, unbiased surveys for diffuse emission, independent of the optical or X-ray environment, have not been systematically carried out. We have therefore begun to address these issues with a series of studies which we preview here. A companion paper (Delain and Rudnick, 2005) shows some of our early results on diffuse sources in groups and poor clusters of galaxies.
WENSS/WISH Searches
We applied the multi-resolution filtering technique developed by Rudnick (2002) to the WENSS and WISH surveys (RenCorrespondence to: larry@astro.umn.edu gelink et al. 1997 , De Breuck et al. 2002 to remove the contributions from compact sources. At this point, we have simply examined the residual large scale emission by eye, and identified strong diffuse structures. In this examination, we find a rich variety of sources, including extended radio galaxies, previously known radio halos and relics, the odd supernova remnant or HII region when we venture too close to the galactic plane, and new diffuse sources that we are in the process of identifying.
Two very different examples of newly detected sources are shown in Figure 1 . The source on the left was seen in the filtered WISH images as a group of diffuse patches of uncertain geometry. We conducted follow-up observations on NRAO's Very Large Array 1 , which are shown here. The most prominent source in the upper part of the image is a very large wide-angle tail (WAT). It extends for 500 kpc between the two sharp bends to the east into the diffuse lobes. The jets of a second possible WAT are seen in superposition. This region is located on the outskirts of the Ophiucus cluster of galaxies, near the Sagittarius group. Thus, this source is one of the few examples where the medium between clusters can be probed. ′ , and is not apparently associated with any optical galaxy, group, or cluster. No ROSAT emission is detected from this location. No matter what the eventual identification, this source is likely to be unique -whether it's a physically small detached piece of an old radio galaxy or the extremely large and luminous halo of a distant unseen cluster.
Quantitative Search of Brightest X-ray Clusters
We conducted an objective survey of the 88 clusters from the ROSAT Brightest Cluster Sample (Ebeling et al. 1996) that are in the declination range of the WENSS survey. Images of the region around each cluster were first filtered to remove compact sources. Then, the remaining flux within a circle of radius 500 kpc was determined after correction for a local background. A control field was set up two degrees away in declination for each cluster, in order to determine the background noise level. The same respective redshifts were assumed for the control fields. The upper envelope of control field fluxes as a function of redshift was used to establish a 95% confidence level. Twenty-seven detections of diffuse emission were made, most of which were known previously, and included both extended radio galaxies as well as cluster halos. Several new diffuse sources were detected, including one in Abell 2061, shown in Figure 2 . The bright patch to the SW of the cluster is the relic identified by Kempner & Sarazin Bacchi et al. (2003) are the highest luminosities on average, and our new 99% confidence detections are shown as filled circles. These include a variety of diffuse sources, including extended radio galaxies, which also fall on the same luminosity trend. The open circles, extending the same correlation to luminosities several orders of magnitude below rich clusters, are from the control fields, and are therefore noise. (We used the absolute value of the flux within the 500 kpc radius circle for the control fields.)
This plot serves as a serious warning. Although the most luminous (X-ray and radio) clusters seem to be well correlated, the selection effects going into these correlations are not well understood. The fact that such scatter diagrams are almost always plotted without any upper limits makes a physical interpretation of the X-ray radio relationship difficult. Upper limits and well-defined samples are needed for all types of diffuse emission in clusters.
Searching for Large Scale Magnetic Fields
We have been mapping a 36 square degree region in the TONS-08 field (Brand et al. 2003 (Brand et al. , 2005 at 330 MHz using the VLA in its D and B configurations, in order to search for filamentary or other large scale emission. We cover the field with 22 different pointings. At present, our sensitivity is limited by the accuracy of removing emission from compact sources, especially those seen several degrees off axis. This removal is complicated not only by ionospheric gradients but the asymmetries in the primary beams of the telescope which changes the response to off axis sources as a function of parallactic angle. The preliminary analysis shows the challenges inherent in looking for diffuse emission. The left side of Figure 4 shows a filamentary network of diffuse features (with white boundaries drawn to guide the eye), overlaid by the compact sources that have been removed using our filtering algorithm. The filamentary features still trace the distribution of the (subtracted) compact sources. This is likely due to two different causes: (1) small amounts of diffuse emission around the compact sources that survive the filtering procedure, and (2) a large number of faint compact sources that aggregate in the same regions (as expected from the two-point correlation function for radio sources, e.g. Overzier et al. 2003) and are not well removed. The right side of Figure 4 shows the result of a stronger filtering of compact emission (filtering out close blends and very slightly extended emission), and the associated filaments are now gone. The remaining diffuse structures are still consistent with noise. These results highlight the importance and difficulty of removing contributions from compact sources in searches for extended emission. Figure 5 summarizes, in the phase space of magnetic field strength vs. angular size, the current state of our observations of diffuse magnetic fields. A horizontal line shows the value of a magnetic field that would produce a pressure equivalent to the thermal pressure in rich clusters of galaxies. The minimum energy fields of cluster radio galaxies are comparable to this number, although their diffuse regions, and those of cluster halos often fall below the thermal pressure value. The shaded region around a few µG (labeled τ max ) shows an important selection effect. Sources with magnetic fields much stronger than this would live for shorter times because of increased synchrotron losses, as long as reacceleration of relativistic particles is not important. Sources with weaker fields would also live for a shorter time (at fixed observing frequency). This is because we would be observing higher energy electrons at the fixed observing frequency, and these higher energy electrons would lose energy quickly through inverse Compton emission off the cosmic background.
Weak magnetic fields may be quite common, and important to the evolution of structure in the universe. In terms of detectability, the important region to focus on is the one indicated by the spiky ellipse (just below the halos), where the studies described here are beginning to probe. A small circle, at slightly smaller sizes, indicates the diffuse source in Abell 2061, as shown in Figure 2 . At the bottom of the figure we see the WHIM, plotted at a pressure matched field strength. This is the next frontier for magnetic field studies, around 0.1µG, if we are to be sensitive to structures outside of rich clusters. The curved line extending through the WHIM region is the limit set by confusion -on small scales by background sources and on large scales by the Milky Way. Techniques to push below these confusion limits are being developed, and will eventually allow a much fuller study of the rich structure of the cosmic web.
